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A gtudy has been wade of the decey energies 
of rubidium 86 using om alvminws abaorotion 
apparatus ond « Vilson Cloud chamber, The deta 
toy spectrum ie complex vith endepoint enercles 
for the two crouse of 1.80 amd 6.69 mev, Measures 
ment of the source activity over a period of 50 


deys showed the half-life to be 19.35 days. 
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The radiations from my 26 heve been studied by many investigators, 
using various methods ef determining the half-life ond energies of the 
beta rays and gamma rays emitted. 

Snell (1), in 1997, fount on l&-day period by the slow neutron bhosb- 
ardment of Bh. Eeluholte, Pecher end Stout (2) assigned this activity 
te a ad ané fownd the half life to be 19.5 days by following severnl 
ganples over from one to four half*lives. They svenected the rresence of 
a weak long-period activity in their samples, so thet the half-life could 
be somewhat shorter. Prom ebsorption meacurcments they obtained 6 value 
of 1.56 wev for the uecer limit of the beteeray aneetrum 

Using a bets ray spectroaravch, Heeestrom (7) found am end point 
energy of 1.60 sev. "rom eo Eurle plot of Sermi's theory she found 
the pointe did not lie on 4 straight line, (Plote 1) «s was te be eepected 
eince rubidium lies on the aecondotorbidéen Sergent curve. 

taffarane, Sern and Mitchell (4) studied the complete disintegrstion 
scheme of wy 6 using a megnetic lene epectrometer. Meaeurement of the 
enerzies of photeelectrons preduced in « lead radiator showed the presence 
of 2 gamma-ray of energy 1.001 mev, The shape of the betoeray clot indlested 
& complex spectrum and an inepection of the Fermi plot (Piste 2) revesled | 
two beta ray crouns with end roints of 1.066 end 9.716 mev. ‘The lew 


energy erour vas found to comprise 2C percent of the total beta-emission. 
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By coincidence experiments Jurney (5) verified the existence of this 
complex spectrum, and weing aluminum absorption he showed the beta-rnay 
groups with end points at 1.82 Mev (67 percent) ond 0.56 Mev (93 percent). 
The maximum ceman ray energy was found to be 1.12 Mev by coincidence 
absorption of Comfon recoil electrons preduced in an sluminum terget. 

We have measured the energies of these radiations by two methods, 
from a Eurie plot using Ho values of a Large number of photorraphed 
trecks in « Yilgon clous chomiber, and by means of aluminus sheorstion 
using & thin window 76-2 Geiger tube and a set of calibrated absorbers, 
The half life has been messured from the rate ef chonce of setivity over 


several half-value rericds using the sane tube. 


Permi's theory of beta denny (6) was Based on five fundemental 
agsuaptions in enology to eleetronacneatic theory. 

(1) The newtron and »reten are two etutes of the same varticle 
(nucleon), 

(2) Snergy, spin end statistics «re conserved in beta radiation by 
the introduction of the Panli nevtrine, | 

(3) The reset mase of the neutrine is sere, (or neerly zero) ond 
its spin is 1/2 hk. 

(4) fhe neutron and proton intersect with the combined fields of 
electrons and neutrines in such o way thet an electron ané « seutrine 
are radiated when « neutron chenges to » proton, and «© sositron and a 


neutrine are radiated when « oroten chengces to a neutron, 


(5) The electron and neutrino shere the availevle energy in #11 
possible proportions. 


Yor energy distributions Yermi's equation (7) reduces to the fora 
: 2 Ao 2 
8 (8) 4B = BCR* =1) | (3 oO Oe eeekewitiedscedsa nee seth 


for ‘allowed! transitions, 
where 8(%) 48 = number of beta rurticles whose energy Lies between 


Band (% +43), 


Kurie, et al (8) rearrenged Yermi's equaticn te obtain 
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A Kurie plot of (2) ageinst the energy 8, results in a straight 
lins cutting the S-exis at Bye for trensitions which follew the Fermi 
tHSECTY. 

Forbidden transitions, 4. e. those thot reeult in either lew energy 
particles or short Lifetimes, presented many difficulties in the measure- 
ment of the energy spectra. The Kurie plot of date resultec in a 


large deviation from the streight line relutionehip. Aenepinski end 
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( Plate 1 ) 


Fermi plot for rubidium 86. ( B. Haggstrom ) 
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Fermi plot of the beta ray spectrum of Rp &° 
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( Zaffrano, et al. ) 
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( Plate 3 ). Disintegration Scheme of Eb& 
( Zaffrano, et al. ) 


Uhlenbeck (9) proposed on alternative theory to oxplain these forbidden 
transitions but the theory preved inetequste. Yo modification has thus 


far been found to explain these apectra. 


The large discrevancies exiating between various ovublished values 
of end point energies found by aluminum absorption, due to the cumber= 
some and insecurste viewil inspection method, led Kate et al (10) to 
develop a new method of snalysing absorstion data, 

Their method ageumes that the lower part of the abeorption curve 
(Plate 4%) follows « cower law of the form 

yuk (2, iii ieee eee 
where y is the fractions1 trangrissicn 

a is the endcoint eevey 

8 is the energy of verticles just abecrbed at o given thickness 
of atsorber | 

| nis a positive constant ecreater then unity and either fractional 
or integral. 

By rearrangement of this eauction or teking the lovarithe ef sech 
side, the resulting exvressions sre 

y'/n = K. (3, MIMS uae ieawes eee evedan cele ceaks aaenek el 
log y = log K, + n log (%, = A) cree nesenveecsecsseenseelS) 

Ageusing on end point H! from the d@ute, & plot on log-los neper 


is made ef y yg (B,' - 2), and the slope is determined to cive a value 
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A - Gamma-ray curve 


B — Beta-ray curve 
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( Plate 4 ) 


Aluminum absorption curve for beta rays. 
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( Plate 5 ) 


Method of determining a value of n. The abscissas are 
the energies corresponding to a given filter thickness. 
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( Plate 6 ) 


Plot of yi/a against EB to obtain a value of 
Ey, the maximum beta energy. 
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of n say n' (Plate 3). “hence by plotting y Mn ® new Yelue of the 

end point a, is obtained. (Plate 6) The process is then repeated 

with a convergent sequence resulting from the successive arrroxinations 
to He If a plot ia then made of Bf ~ a ve 8, obteined in ench cage, 
an extrapolation to A! = © will give the best value of the end point 


energy. The methed has preved very successful in the few exommles 


studied (10,11). 


The counting apparatus consisted of a Wedel LOLA Atomic Instrument 
Gompany Seale of 6& Scaler with preesmplifier and associated circuits 
(Plate 7). A 'GG=2 Geiger Tube with « ndow thickness of 1.7 me/om™ 
wes enclosed in a lead castle of 1.5 inch well thickness. ‘Shielded 
leads were uzed throughout. A Sola constant~-voltage transformer wae 
used to provide « ressonably eteble voltage suooly. 

the tray aystem within the castle consiated of a lucite sox (Plate 
8). A hole wes machined in the upper plate into which the tube fitted 
snucly. Side slots were machined in the lucite te held the teas. 

fhe trays for the half-life mecsurements were cnt from eluminum 
eheeting and sheped to Tit the side slots snugly. To «assure a 
constant geometry, the source helders were cevented to these treys. 

For the absorption measurements a special trey wes dezigned to 
@livinete the effects of back sesttering (Plate 9). “hie trey was made 


ef 3/8" lucite with side flenges out to Sit the slots provided. 
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Al 3/4* wide circular well wae machined in this tray to © depth of 
1/8". The bottom of this well wae then taken out to a width of 1 1/2%, 
frie left a 1/8" wide circuler ledce woon which wag placed a cireular 
wire frome. A vinylite film, aprroximately 6,3 sicron thick wae 
placed across this vire frome. “he source ves then placed in the 
centre of the film. loss of enersy of slectrons buck-sesttereéd from 
the Tilm was considered neglicible. 

‘The alwninum absorbers used were of the tyve H3JA supplied by 


fracerlab. Co., and varied in thicknese from 1,64 maf em™ to 1.64 am/om™. 


de. Zloud Chasber Lroper 
The clow! chomber (Plate 10) was mode in the National Yesearch 
Councii Shops at Chalk River. It is a elreuler cylinder nine inches 
in cicmeter bounded by « lucite wall, = glass slate on tor and « 
verferated brass plate on the bottem. “Below the brass plate is a 
rubber diaphraga. The apace belew the diaphragm is connected by « 


Sylphon=-bellows valve system to = vacuum tank, 


Ze... Helsholtz foila 
The Helmholt: coils were built in the Netionel Research Covneil 
Shops at Chait “iver. The magnetic field was found to be uniform 
within 0.5% over a region bounded by planes 2.5 om. above and below 
the herizontal plane throuch the =id-oint of the col's and « cylinder 


of 3 em. radive. (12). 
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as... Ehe Lowmerts, 

The cameras was built in the “niversity of Alberta, Ii da fitted 
with a Leien Slmar lens of 50 mm, foeal length ond aperture ft3. 5. 
Thirty five millimeter film is used, An oluminus atand, bolted te the 
top Helmholtz coil, eureorts the Gamers, and also two front~sluminized 
mirrors placed vertically facing each other at the top of the elow 
chamber. A single photograph censists of a direct image of the 
cloud chember, and two half images, one from each mirror. In thie 


way © completo stereoscopic view of the chamber is obtained. 


Se. Lilupinshign,, 
Gonventional finch circuits are veed with tve flesh lamers placed 


on oppesite sides of the chanber. 


_. Se.. Control Girevite (Plates 11 amd 12) (13) 

The antomatic operstion ia controlled by « series of timing 
circuits. Sach cirouit consists essentially ef 2 thyratron whose erld 
Velteags is controlled by a condenser and waricble resistors, “hen the 
voltege on the grid has reached « yalue sbove cut-off the thyratron 
fires closing a relay in the plate cirenit. Thie relay in turn closes 
the cirouit of onother thyratron or en exter™+) cireuit which then 
performs one of the ovwerntions recuired, The time ¢elay between the 
various events is sdijusted by varying the resistors in the corresrondine 
erid circuits. The order of events is established by « selector switch 
ererated by = avlenoid. The solencid is sctusted by one of the tinting 


cLirenits. 


Nah 


&. The Sygle of Oper tions 

Just prior to the major exmansion cf the chomber the Helwholts 
coils are turned on. ‘The some circuit sdvances the film one frome 
ené opens the cameras shutter, After « delay exffletent to allow the 
magnetic field to reach a steady value the mejor expansion takes place. 
After an intervel of 1/§0 second the lawns flash, The Helmwholtc coile 
are then turned off, the shutter le cleaed, end the chember roeonpresses. 
The complete cycle of operation consists of three minor expansions, 
two desd intervals and one major excansicn. The eyele is resonated after 


72 seconds. 


2. Tilting Table (Pilate 13) 
A 12* by 12° bakelite sheet, painted white, was used to vlew the 
tracks. An electromegnet is used to clamp the teble «t any angle up 
te §° te the horirental. ‘The chord length was meneured by a ruler and 


the aecitta length by « micrometer screv, 


( Plate 7 ) 


Counting Apparatus. 
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( Plate 8 ) 


Lead castle, TGC-2 Geiger tube, 
lucite tray holder and tray. 
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( Plate 9 ) 


aL 
2 oe) n 9 


( Plate 10 ) 


Cloud Chamber, completely assembled. 


( Plate 11 ) 


Main Control Circuit, 


( Plate 12 ) 


Automatic and flash control circuits. 
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( Plate 13 3 


Tilting Table with Vamera, 


One gram of chemically pure Mb 260,, wns obteined from the City 
Chemical Gerporation, New York and wes dissolved in 100 ml. of distilled 
water. Since Rb 260, was diecovered to be hichly delicuescent, 0.5 m1. 
of this solution was placed in a hollow 1/4" quarts tube 1 1/4¢ 
leng with one end sealed ond the other drawn to « bere of 1/16" to 
aggure fast senling later, The water was eveporated off to aprarent 
dryness. An oxyehydrogen torch wae apr lied te the sites of the tube 
to assure dryness and the ¢crawn end wae cuickly sesled. This tube 
was then irradiated in the Chalk fiver pile. Since the pile tewpere ture 
is 150°¢, it was necessary to be aure that residual water in the tube 
Was not capable of producing « pressure «¢ this teepercture sufficient 
to explede the tube. This was done by placing the tube for two hours 
in an oil bath at 175°C. This was found to be « safe tenrera tures 
Outside surface contuminantsa were removed by washing in dilute 
sulphuric acid after which the tube was rliaced in « steam beth for two 
hours. 

The irradiation time was @ houre at 108? neutrons per em® POr SOC. 
Gsaleulations previcus to shipment estimated thot the activity of the 
rubidium would then be 0.173 me. (Appendix 4). 

The irradiated material was reseved from the quarts cylinder by 
breaking the cylinder in 10 al. of distilled water. ‘The cnarts chins 


wers filtered off anc the solution vas placed in on Erlenmseyer flask, 
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An eye-dropper was used throughout to place drops of the source on 
the various source holders, 

Yor use in the Cloud Chamber, source meterial was pleced on a 
vinvlite film stretched across a wire frame similar to thet daseribed 
by Hetherington (13), consisting of » Ueshaned wire with o vertical 
copper rod supsoert tapped to fit a especially crepsared hole in the brass 
base plate of the chamber. The activity of the source wns sdjusted te 
give approximately seven tracks ver picture. “he source wae evaporated 
to dryness over a 66 watt lamp end encther vinylite film wes elued over 
the top to prevent delicnuescence, A two-fold curcese was sarvwed by this 
| eevering film; (1) contaminstion of the chamber was prevented and 

| (2) less of energy in the teta rerticles due te 
abeorotion in weter wae reduced. 

For vse in the absorption acnaratue the source material wee placed 
en the vinylite filu described under Apraretus, te = waxinw: counting 
rate of orproximately 12,000 corm. on chelf 1. 

fo measure the helf+Llife, twe metal vlanchettes were used, with 


the original sovrce activities set at anorézimetely 15,000 ami 11.000 


Getem on shelf i. 


The resolving time of the tube wae mensured by the sethod civen 
by Lepr end énérevs (14), using two standard scurces with eowting 


retes of arerozimately 7O00C a.n.m. and 13,000 e.p.m. on shelf 1. 


il 


The activity of two sonuplee of pp %6 was followed for a period of 
80 days or approximately 4 half*life periods (Grann Wo. 1). Measurements 
were taken each dsy ond the following order woe used ench day throughout. 
1. Five one minute reedings on sevree So. 1 
2 ive one minute readings on source Ho. 2 


3. Pive one minute readings on the standard sevree (Appendix 1). 


The absoretion readings were teken in the following senner, 

qf. Pave one alnmute readings on the Hye @oures with no abecrber, 

2. Five one minute readings on another rp source vhich was 
wed eg the etandard, 

%. Five one minute resdings on the first ap 6 gouree with 
absorber Ho, 1, 1.6% ma/om”, between the tube end the source, 


66 source with no 


&, Five one minute readings on the standard Bb 
absorber. 

fhis rrocedure vas repested for the complete set of tventy-five 
sbsorbers (Graph No. 2). 

Correction for decay and for possible veristions in counting 
efficiency was sccomplished in the followines sennert 


Le Phe firet stendard reading was taken ac an erbitrery standard. 


2. Subsequent standard resdines were normalized te this value 
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3. ‘fhe averece counting rate for « given absorber wae then 
corrected waing the standard rendiags tuken immedistely after it. 

Since the tube uead was inefficient for comma ray counting, and 
the source strength was quite low, it was found impossible to obtain 
accurately the gommn ray curve, The sovrce streacth was incrensed 
to approximately 40,000 s.pem. on shelf 2. Absorber No. 21 - 666 age ema™ 
wo placed over the source andi the percent trenemission vase extablished 
te a high degree of sceurney., The somes ray curve wee then obtained by 
adding « series of secend sbeorbers. In this wey the maximue filter 


thickness was increased to 2300 nef om”. Graph Me. 2). 


A hole one inch from the side wall ef the chasber was tapred with 

a €=32 tap. The source guymort was ploced in thie hole (Plate 14). 
A meximom rengs of 6 inches wae thus aveiistle to the treeke and tracks 
reflected from the beck wall eonld be discarded. . 

Steresscovic photesraghs ef the beteeparticle trace were taken 
| in air at atmorsheric pressure. The werkine mixture consisted ef 
5 cc. of 2 1:2 mixture of ethyl alechol and water by volume. 

The film was tank develoved for six minutes a$ 20 degrees 
@entierate using high contrest developer formula D-19 by Kodok. 


It was then fixed for eleven minvtes using forevla 5, 
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(4) Method of Meneurenent 

The camera ond etend were revoved from the chamber ond placed in 
pesition on the tilting table. The lena to table distance wae oade 
the seme as the lens to source distance in the chauhber, The develoned 
film was replaced in the cemera in the same pouition thet it cecunied 
when the photographs were token and the treeks were reprojected on the 
white table top by means of a 206 watt projection laws. The source 
image wae placed centrally on the levelled table tep ent the three 
views mate to coincide os each freme wes brought under the lemep. The 
table top was kept level «t all tines since the horizontal projection 
of the satus of curveture of each terock was recvired. Several 
criteria were established which sech treck wae required te aatisfy in 
order to be considered cceesteble for eeesvrement, The erlteria were 
as follows: (1) the treck must be of the proser direction of curvature, 
(2) It muet be visible to 5 om. or sore from the source (3) It avet 
appear to have its origin in the source. (4%) 1+ cust suffer no 
detectable deflections from 2 circular path in 53 cm. In addition to 
the above criterio tracke which showed noticeable diffnsien of the 
ions were excluded. The radius of curvature of each track ous 
 gelewlateéd from sonsurements of a chord Leneth end the segment lenzeth 
conceeted with thet chord (Plate 15). whe treeke in each frese vere 


nunbered starting at the lefteiend «ide ef the «curce end going in « 
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clockwise direction, Fp limite were calculvted for equal energy 
intervals of 100 kev, and the tracks were classified inte these 
groupe, A number ye energy histogram was plotted (Grewh 5) ond 


Fervi's theory was applied te this histerrea. 


( Plate 1% ) 


Method of numbering tracks. Note position of source. 
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Solving for R, 
@ai=-3. 0° + a& = Re 


R = 1/2 ( a +b) 


( Plate 15 ) 


Method of calculating the radius of curvature. 
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Observations 
Dead=time of Tube --------- ~ = -~- 4.51 x 107° minutes 
Tube Voltage + - = = = = = ee ee we me ee me ~ 1280 volts 
Discriminator Setting - - ~~ «+--+ um === 5 (negative side) 
Background — eee ls “mm me oe 32 Cm 


cpm corrected for 


Average dead time, background 

5 ~+ 1 minute counts and standardized 

Source Source Standard Source Source 

ime. ae Z 3 Hee 3 
9 AM. 14051 10766 11657 14679 11071 
9 A.M. 13589 10273 11515 14345 10676 
9 A.M. 13062 9816 11342 13157 10345 
9 AM. 12286 9390 11523 12882 9711 
9 AM. 11864 9400 11419* 12534 9816 
9 A.M. 11541 8577 11411 12183 8927 
9 A.M. 1085° 8184 11194 11660 8678 
9 AM. 10418 7858 11144 11218 8359 
9 A.M. 10040 7641 11092 10843 8161 
9 A.M. 9391 7068 11042 10160 9563 
3 P.M. 8706 6649 11193 9256 7001 
3 P.M. 8296 6268 11434 8608 6442 
3 P.M. W421 5628 11010 7978 6000 
3 P.M. 6900 3213 = 10779 7562 5563 
3 P.M. 6751 $022 11069 7194 5309 
3 P.M. 6543 4955 11241 6856 5153 
3 PM. 6345 4820 11134 6716 5065 
3 P.M. 5947 4350 10787 6489 4933 
12 Noon 5816 LhO9 11008 6206 L675 
5 AM. 5585 Log 11144 5879 bbelys 
9 AM. 5360 3995 11025 5697 422], 
9 4M. 5137 3814 11014 §462 4630 
9 A.M. 4923 3729 10916 5283 3979 


9 A.M. 4819 3580 11008 5120 3783 


“ This value was chosen as the arbitrary standard. 


Measurenent of Half-Life of Rv°6 (continued) 
16 


opm corrected for 


Average dead time, background 
5-1 minute covnte and standerdized 
Source Source Standard Source Souree 
Jane 7 12 Noon 6678 3538 8 8§=611227 3660 
gan. 8 9 AM. byl? 5 3538 3552 
Jan. 9 9 AM, 48385 3250 3380 
Jan. 10 9 A.M, 4223 3L87 3298 
Jan, LL 9 AcMe 495 3079 31.38 
Jan, 12 3 PM, 3905 2905 3002 
Jan. 13) 9 ALM, 3833 2853 2929 
Jane 14 4 FH. 3625 2686 2829 
Jan. 16 9 AWM. 4450 2353 2619 
Jem. 17 9 AM. 3293 ty), 2529 
Jan, 19 9 AeH. 2993 22 2331 
dame 20 9 AH, 2893 2166 2290 
don. 22 99 AM 2627 2058 2465 
Jan, 23 9 A.M. 2609 19456 2073 
Jan. %% 9 A.M. 2511 1281 2002 
dan. 25 9% AM. 2hO% 1796 Lea 
Jem. 27 9 AaMa 2270 L675 1759 
Jan. 28 3 PLM, 2UhG6 1362 L685 
Jen. 29 863 PLM, 247% 1567 L664 
Jen. 3 9 AM. 20 2 1§25 1622 
Fed. 2 3 PLM. 1859 1370 1423 
Yeo. 3 9 AM, 17280 4326 L395 
¥eb. 5 3PM. 1667 122 17300 
Fed. 7 o 4AM, 1537 1126 1202 
Feb. @ o AM, 1300 Lice L746 
Feb, 9 3 FM. Lids 1106 1164 
Feb. 16 9 A.M. 1419 16272 1663 
Feb. 12 9 Acs 1314 201, 1653 
Feb. 13 9 AM, 1264 $36 ORG 
Fob. 16 9 AM. 1184 866 
Feb. 19 12 Boon 1004 757 
Feb. 20 9 Ale ORG 725 
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Dead Tiwe of Tube + + + «ee we we we we mw wm OGL mw 107° min 


Tube Voltage < = = + @ ew me me me we mm me me om LOR volte 
Biseriminator Setting «=< <««« --«~-+| +~» 5 (negative side) 


Background = — + me me me me em me me meme mee ng 


cpm norwalised 


end 
corrected 
Absorber Average 5 = 1 oom corrected for 
Thickness minute counts for deal t background 
0,00 11977 12907 12628 106 
5.17 11943 12873 12626 100 
10.1 11819 12853 12508 99.0 
21.7 «2398 12864 12026 95.2 
27.4% 11153 12782 11835 93.7 
38.6 10847 12609 11466 ° 
77.7 9170 12846 9501 7569 
87.3 BE43 12668 G14) 7264 
131 7122 L2762 Vigd 58.7 
176 5666 12673 5697 6,7 
214% 13 12653 8370 36.2 
276 2887 12582 2973 2365 
359 13569 12607 1588 12,6 
AS 687 12655 673 503 
$73 215 12649 196 Le 


Average LZ = 1 
minute counts 


6.0 36992 48903 
666 256.5 260 0.472 
Average 10 « 1 
minute coonts 
660 ! $07 “75 0.472 
6°9 ze1 382 350 6. HG 
738 291 292 269 6,258 
791 245 ests) 214 6.713 
830 224 225 493 6.192 
B74 221 222 190 0.189 
936 218 219 187 0.186 
1019 215 216 184 6.183 
1165 214 215 183 6.181 
1233 208 209 17? 0.175 
1843 206 207 175 0.174 
1629 204 205 173 0.172 
1866 202 203 L7L 0,170 
2380 197 196 166 0.165 


(Roll We. 1) 
1 


iat BO 


22 


Mah 09 


20 Otn Oe Min ee ud Mi te oe arias owe 


~ 


Chord 
Length 


HO | gauss 


18 


Total 


19 


Ghord 
Leneth Sagi tta HO gauss Total 
~2rame Wo. Mee Ogee Te pS a, a ce: a 
23 3 6 
5 
6 
2h 1 6 
3 
hs 
5 
25 1 2 
26 
27 1 3 
2 
28 1 3 
3 
29 1 3 
2 
30 2 3 
1 
31 3 9 
32 3 & 
3 
33 2 2 
Bad 1 id 
& 
5 
7 
35 1 5 
3 
& 
5 
36 2 3 
37 é 6 
rn 
(Rell No. 2) 
1 
2 1 3 
z 
3 5 5 
iy 1 5 
> 
3 
| 5 
5 
é 3 3 


20 


Chord 
Track Length Sagitta He gouse Total 

7 200 

8 3 4, 35 6.16 by 
4 53.6% 12.3 

g 1 §.70 17.3 3 

10 1 3.75 4, 33 3 
2 3.75 11.0 

11 2 ibe OO 14.1 iy 
ip 5,48 14,2 

12 1 3.05 15.4% 6 
9 3.18 §.18 
iy 3.50 5.89 
6 4, 78 9.67 

13 1 4, 62 8.06 3 
3 &. 97 12.9 

14 3 %, 10 8.06 4 

15 

16 1 6.16 18.2 5 
5 4, 37 14.2 

17 1 50 56 9.63 4 
2 &. Sh Pie % 

i8 2 §. 66 22.3 4 
3 4,20 10,4 

i9 & 6.00 15.7 5 
) 5.74 1367 

“4 4 5. 58 13.5 bs 

22 1 2658 6.16 5 
§ big 35 22,3 

23 i 3438 7a 24 3 
3 6.95 36.7 

ab 

25 3 5-20 Pel 5 
i ee AD 9.59 

| 5 3.28 5.79 

26 iy 3467 27.6 4a 

oF 2 3674 8. 24 9 
is 2.46 41.8 
5 &,. 48 9,07 
6 7.53 22.8 
9 7295 90,5 

28 5 5,08 15.0 5 

29 2 3210 8.03 iy 
3 5-55 22.3 
4% 5,66 7455 

30 

BS 2 4, 33 16.9 2 

32 


al 


Chord oy th iY 
Track Length Sueitta HO gauss Total 
2s. soils sina co eae o_o, ented rumnnsiy web Detiann 


(Roll Ne. 3) 
1 


2 4, 34 e196 Ld 200 420 2 
2 1 2.80 0.125 7090 1580 § 
2 485 Oy 26% 13.8 2760 
3 2.86 0.143 7ea2 Lae 
5 5.34 0.17% 20.9 WLBO 
2 3 2. 94 0. 259 4, 0 B60 3 
5 
6 1 5.00 0.154 21.8 4 
2 3.05 0.190 . 22 
3 4,45 0.7 8.22 
7 2 eh C383 1363 3 
‘ 3 5.23 0,182 18.9 
9 2 5072 0, 342 11.6 z 
10 1 5528 6.161 the? 2 
11 ° 
12 3 740 0, 22? 31.° 3 
13 2 6, 94% G, 330 15.4 2 
Le L 3490 6.192 10.0 6 
3 iby 6.133 16.8 
& ie, 04 0. 202 13.2 
6 §. 2% GO. 272 12.8 
15 1 6, 20 Celt 2767 % 
2 O.142 16.3 
‘ 3 4,82 O04 209 14,9 
i ‘ } 
1? 3 bel6 6. 266 €..26 ty 
i 6.28 6.326 15.3 
16 : Nan wee 0.1468 o,.00 2 
19 1 « 0, 27€ 16.8 ib 
2 3.90 0,142 12.6 
3 $15 0.301 Lly® 
20 
2 1 $36 00 185 19, 5 3 
3 be ou 0.143 24,3 
22 3 3432 0. 285 by 2S 3 
- fe be 2a U_ 206 235 2 
25 2 4,36 0.191 12.5 sb 
if Me 0.143 17.9? 


Track Length Sagitta Hp gauss Total 
ay ee a (Sis, a a ne: PY 


26 ‘ 
27 
28 1 4.98 0.274 11.5 200 23006 3 
2 3.46 64225 6.76 1352 
29 
30 
31 1 5.28 @,. 251 14,0 2800 iy 
iy 06 6.098 21.1 4220 
32 3 &, Fe 0. 281 10.1 2020 3 
33 
4 3 5.25 GO. 250 13.9 2780 by 
by &, 24 0. 290 7.89 L376 
35 : | &, 90 GO. 252 12.0 Put 2 
2 5.16 0.173 19.3 4860 
37 
39 / 
40 2 2.14 0.201 3.00 600 3 
3 $222 0.189 18.1 3626 3 
(Roll Ho. &) 
a 3 5.72 G, 240 14.9 29 5 
2 1 5. 34% 6. 246 14.6 2920 ; 
3 ; 
7 1 5. uy Oe. 102 456.3 2260 Le 
2 3.70 6,107 46.0 7600 
5 4 2.96 6.186 6.06 1212 5 
3 7.08 OB. 146 43.1 
‘ ‘b 5.00 0. 146 fhe 5 800 : 
4 1 %16 O71) 10.4 2050 3 
g 3 6.14 6.137 br 5 6906 3 
19 1 4.13 0.212 10.2 2040 5 
3 5.30 6,118 29.9 5980 
&y 4,64 6.200 16.4 2060 
i 3 36 6.116 21.7 OBO 
ty 5.16 0.277 12.2 PhO 
12 : iby 48h 0, 246 16.3 2066 2 
2 &, Se Os 790 16,2 2040 
13 4 
14 3 
15 & 


25 


Chord 
Track Length  Sugitta He gause Totel 
16 4 4%, BO 0.118 24.5 200 4900 
4 4, 96 De 230 13.5 2700 
by 6, 84 0, 260 22.6 320 
5 5.36 0, 278 13.2 2640 
§ 446 Oy 25 10.3 2060 
17 bb 
18 3 5.16 0, 209 15.3 3106 6 
& &.16 0. 267 8.43 1686 | 
19 2 
20 a 3. 58 0.1498 8.64% 1728 5 
2 &, 54 06190 13.7 270 
5 4.12 0.305 7ell 1422 
21 
22 p | 4, G8 5.191 15.8 3160 2 
2 5.56 0. 287 © 13-3 2660 
23 | 5.72 0. 240) 16.6 $320 3 
2% z 
25 by 08 0. 287 7039 1476 by 
26 at 
27 3 
5 5.76 0.208 19.5 
28 > 6.40 6.265 Z1.0 5 
5 5.42 0.179 20.6 
29 & 
30 a ese 19.5 1 
31 3 5.40 8 8§=0.133 2765 6 
5 &,14 0. 266 «Be D 
6 6.70 0.17% 32.3 
a2 lL 3.22 0,274 db 67 5 
3 2_ 94 0.179 6.13 
iy 6,42 0.235 20,43 
$ 6.82 0.148 39,4 
a2 4 
34 1 14 0.208 16.4 2080 & 
35 | 2 
36 2 5.70 6.235 17.2 Ba 3 


ue ea Pp 
a 


Chord 
Track Length Sagitta 
Preme Nos. NOs. 0a. a: Ln Gle, Bh srk i 


(Roll No. $) 
1 


486 04178 16.7 250 
4.44 0.115 Ped 
by 64 0.214 12.9 
4.06 0.161 12.9 
4%, 20 O.116 19.2 
2.76 ed fe 56 
3.82 0.129 14,2 


sh 
SOA Se RH oA 
ua 
* 


pe 
¢ 

pe 
Ge 


0,263 408 1220 


Aru feu & 


ws A Oe Bd 
5 
® 
& 
NS 


ida fs ht ap 
ius Pt 
Le 8 5A 
oho s 
o 
* 
or 
* 
La. 
wa 


ie] 
bat) 
Ag bt 
‘yg 
&& 
ooo 
m eb 
GSS 
ad 
ws O 
* ©€ 2 
oo “dD 
3 & 
one 
ea 
Wn eu & 


Chord 
Track Length Sngitte Ho genes Totel 
on a a ae i: oa 


4, 56 0.179 14, 6? 50 3650 
3092 0.183 10.6 2650 
&, HO Ge 246 &, 2s 2063 
4.08 0.166 12.6 3156 


3 26 Oe Gly Se 16 1290 
ie $4 Ge 220 LL. 2050 


, BO Oy MZ 14,4 
Sig 0.713 hee? 
4 O17 14.0 3300 


ou Aas 
em Whew 


= 


298 0.162 6.19 
3-76 0 264% 6.83 
296 = 0, 287 3496 
26 9.196 ile? 
3.46 ©6001 92 6.60 


gr 
e 


1 


4,04 — © .a06 5.60 
6432 8,205 Bing 5 
3.0 6,228 5.59 
3.660 =O. 46 6.95 
&. 3G O.224 136 
Ze OG 0.226 e399 


a a G69 2625 


404 6.262 89-1103 2825 


yar 
2 


ou nd 


3-50 6.193 6.03 


26 


Chord 
Track Length Sagitta He gauss Total 
i oo oo) oe an eT nC. Pa 
1 3.84 0.239 7.83 230 1958 
11 3 5.16 0.297 11.4 2650 5 
12 1 4.78 0.296 9,80 ln 50 4 
13 2 &.12 0.2713 10.0 2500 4 
3 5.10 0.231 14.2 3550 
14 1 804 0.176 12,2 3050 ly 
15 2 4,68 0.199 14.3 3375 3 
3 &. 80 0.198 29.7% T3aa5 
16 3 
17 2 5.02 0.278 11.5 2875 2 
19 1 5.65 0.226 748 1870 3 
20 2 
21 3 
22 2 4.08 0.233 6.55 2138 5 
5 2018 0.335 1.9% 885 . 
23 4 %.32 6.232 10.2 2550 4 
3 2.9% 0.318 3.56 B90 
z 3 6.10 0,210 22.3 5575 ; 
2 
26 1 4.20 40,214 10,4 2600 3 
3 40h 0.1806 11.1 2775 
2 262 0.162 4 82 1203 
27 & 's, 6O 0.146 18,2 4550 b 
28 1 5.40 0.191 19.7 4925 3 
29 1 5,08 0.168 19.3 42S 2 
30 2 
(R011 fe. 7) 
1 93.85 0. 285 6,64 L660 1 
2 1 
3 i bb, 6 04232 10.8 2760 2 
3 &98 6,310 10.2 2550 
& 1 
5 2 
6 1 le, 20 6.236 = 938 2345 5 
3 4.30 0, 250 9.37 203 
? i 3.08 0.185 &, 50 1623 2 
8 1 5.392 0.226 16.8 4200 1 
9 1 3.90 0,309 & 31 1578 3 
10 2 5,36 0,222 18,5 2625 5 
12 1 3.3006=— 0.3520 4, OH 1010 1 
12 2 3.36 O.1L78 8.12 2628 2 
13 1 4.92 0.23) 431 3275 3 


27 


Chord 
Wrack Lenath Sagitta He gouse Total 
2 6 54% 0. 242 22.2 250 
3 4.33 6.267 9.83 
14 2 4,85 6.131 16,3 6; 
5 422 0, 232 5.70 
6 ib, 42 OG, 245 10,1 
15 1 &, 70 0.272 10.5 3 
2 &, WO 0,180 12.9 
3 3.38 0.713 5-32 
16 4 
17 3 3045 O. 289 Seed 4 
2 3.70 0.219 7.92 
3 %,00 0,301 &, 80 
18 i 
19 My 4.95 Gy 229 13.5 & 
it 4, 88 9. 398 * 
20 0 
21 a $e 76 ), 252 5 
23 1 5.73 ©. 204 5 
oh ly é 0.226 * 
23 5 3.52 0,266 5 
26 1 3.90 0.165 a 
27 “% 2.90 6,253 4% 
2 +, % 0. 22% 
28 1 4.95 0.222 5 
2 %. 56 0.147 
29 o 
30 1 $e 30 0,140 3 
3 5.02 . 
31 1 %, B6 0.196 1 
32 2 3.2% 0, 237 1 
33 1 
Baa i 4.16 OG, 257 2 
35 i 
36 2 
37 1 3. 80 0, 200 9.15 3 
38 e 
9 1 6.14 6.3350 14.4 z 
2 6.52 0, 205 26.6 


28 


Chord 
Track Length Sagitta Ho gause Total 
—frome Moe, HO. fs, Me. 20. Lcouae ca, Hs. 


(Roll We. 8) 


2 4, 32 0.307 Ba? 250 2118 & 
3 5,00 0.18% Wel 4275 
Mt 3.50 0,467 3o 51. 872 
2 2 507% 0. 214 19.4% 4830 4 
3 3 4.2% 0.207 11.0 27 50 3 
4 3 3.92 Oo 145 13.3 9325 by 
4 3.68 0.220 7,80 19350 
5 & 
6 2 be 30 0.229 10,2 2550 ny 
& 3, Sh ©, 283 5.68 1420 
7 1 3,46 9.217 7.01 1753 1 
8g 3.10 6.182 6.69 L748 4 
2 2.84 6.233 8.03 2008 
9 2 5,80 0. 236 15.6 9906 3 
1 &, 58 0.159 16.6 1 80 3 
10 3 &, 30 0.151 L504 3856 3 
11 2 5.06 0, 253 12.8 3200 & 
3 2.58 9.195 Set 1353 
& 4.06 0.217 9.33 2333 
12 7 3 
13 2 460 O.178 14.9 3925 3 
3 3,48 0.17% a.79 2198 
1s 3 &.76 0,257 ek 2775 5 
iy 3.20 G, 228 5.73 1433 
5 30 90 06 168 Li e 4 2850 
16 
1? 1 5,02 6,18? 16.9 yas & 
16 2 
19 l 4.32 0.176 14.4 3656 4 
20 3 4,60 6,184 &. 90 2225 5 
iy 3.95 0.229 8.63 2138 
5 3,% 0.225 6,38 1593 
ral 2 2.92 0.187 5,79 Lage & 
22 2 &, 06 6. 208 10.8 2390 3 
23 2 4 ou 6.166 12.4% 3100 & 
3 2, M4 6, 268 3,90 973 
& 4, 1é 0, 204 10.7 2E75 


29 


Chord 
Traek Length Sagitta Hp gause Total 
aly 2 i, OB 0, 242 a 250 1605 2 
27 2 be, fe 0, 2452 a?" 2433 % 
3 28 0.106 $453 1383 
26 3 
29 1 
30 : 
31 i 4. 56 0.195 6. 22 2055 1 
32 1 %, 8% 0. 271 G87 L718 i 
33 1 5.14% 6, 236 14.6 3500 3 
2 4,82 0, 368 $07 2018 
3 £8 0, #16 2342 S775 
54 1 5,86 6. 235¢ 16.8 £4200 2 
2 3, 34 0.248 Eig tts L610 
35 a 
36 | 2 
37 1 4.00 0. 21 E62 2105 5 
2 &, 04 G, 208 Felt 1B46 
3 S18 6.361 13.4% 3356 
& 3.96 6.152 12.6 4150 
38 0 
39 3 
8) 2 1.88 0. 224 2.065 § 
3 &, 92 0.218 14.0 
iy 2638 0,175 &,1% 
i] &, F} 0.19% 14.6 
(Roll Yo. 9) 
i 1 $18 0. 219 15.4 5 
2 thy 54 G, 2y5 10.7 
3 i, GA 0.276 728 
& 5.06 0.185 | 24.2 
2 1 5.90 0.196 ©, 70 3 
2 thy Sly 0.267 . o, ‘78 
3 5,42 0,214 Avs5 
3 S 4438 6.713 7.83 5 
5 &, 52 0, 204 12.6 
& 2 ie 40 O. 19¢ 16 * a 3 
3 &, 29 6.174 12.8 
§ 1 3.96 0, 266 7.50 3 
6 2 Ze 0. 284 3.49 i 
3 3.90 6, 203 9,47 
~ Ze 13.0 G, 296 2,05 


, 


tut Wd uh A , : 
VEU EF MANUWUNKM ES HM UN MWh Mi fle WW Ne 


30 


geuse Totel 


rae 


ol 


Chord 
freek Length Sagitta ie geuse Total 
Zrome.Md, NO. 0s. 00. SMe, Hs kOUss lls _. 
oly 3 
25 1 4.88 8 §=©0,180 16.6 250 41350 4 
7 2 3.70 6,223 77? 1948 
26 0 
27 1 5.1% 0.165 20.1 $025 3 
2 4.48 0,208 12.2 3050 
3 3216 0,252 5,06 1270 
28 2 
“2 G 
30 2 564 8600628000 14,93 3575 5 
3 5.28 0. 200 17.3 4375 
5 4,08 0,162 13.7 wees 
51 1 424 0.236 9, 64 2410 5 
2 $.52 6.3 12.7 3173 
3 2.92 0.292 3,60 950 
42 2 &.6% 0.261 795 1988 2 
i a 2 
3 Py 5.72 6,163 15.8 3956 5 
2 8.46 0.209 12.0 7000 
3 3.78 0.216 B, 38 2090 
35 “a 1 
36 0 
37 1 3.66 0,215 7690 1975 3 
9 4 4, 60 0, 300 8.97 224% 6 
bg 
}, vader develoned 
42 
(fell Wo. 16) 
1 1 ie, Wh 0.279 10.2 2540 a 
3 %,02 6, 23° 8.5? 2143 
2 3 
3 2 
& 2 3.64 0.307 13.1 3275 6 
5 $10 6.190 17.2 4300 
é 4, 86 0,232 12.6 3150 


ooo NO Ow 


12 


Track Length Snagitte 
AKER NG, EG. Gilt oie -CnKle, He cinas 


wie mpre Whiinwi mivh Pike Sw PNM A ee WN see ee 


Chord 


0.196 
0.196 
O. 245 
6.185 
0, 229 
0.250 
0.185 
0, 286 
6. 288 
OG. 180 
Gs 278 
Oe 210 
@. 217 


8.73 
17.2 


250 


me 


oa 


genoe Total 


Pw f& F NN 


Wi hk lt 


oo 


aa 


vor) 


Chord 
freok Length ‘Sagitta HP  goues Total 
poi ee a: ee: ~~ SB. Be RBBES err SRRinivenrvnneen — lle 


(Roll Wo. 14) 


1 3.79 0, 223 7-85 250 1968 ly 
2 ip 
3 2 
4 2 4, BY 0.276 10.7 267% ‘ 
§ 1 3690 0, 222 8, 71 2478 3 
2 3. 26 0,273 5.006 1250 
3 6.56 0.278 19.5 scl! 
) i & 18 0.275 8,08 2020 2 
2 4.16 0, 338 3.86 915 
? 3 
8 2 6,90 01273 16.4 HOPS 3 
S 1 3-56 0.315 5429 1323 1 
is 1 #446 0. L456 §_ BE 1545 , 
2 3414 0.291 &, 98 1055 
12 1 5.438 0,208 18,2 4$50 a 
12 1 by, 48 6.226 11.2 2800 4 
2 3,86 0,190 9,90 Bin 
3 5.82 0.239 16,5 BL25 
& Fe Os 0, 210 5,25 1313 
13 2 
1é 2 
15 Zz §.66 6.181 22,2 $350 2 
16 2 2. 46 0.235 Ga Be B35 5 
5 2.9% 9.20% 9.66 2415 
1? 2 Lb 26 6.175 12.7 SL75 2 
18 + 3.68 6.146 11.7 2925 1 
19 1 $99 0291 22.9 5923 & 
20 i 
21 3 6, 22 6.212 22.9 $725 by 
22 4 
23 1 8.90 0.178 16.9 byes 2 
2 86 60.177 17.0 4250 
2h 2 4 6 6,202 12,4 31.00 & 
2 3, 28 0.426 11.7 2h 25 
3 36 32 0, 26% 5.35 1336 
25 a 3.14 0,232 503 i358 


4 
Nod Aa 


54 


Chord 
Track Length Sagitts Ep gouse Total 
pa a a a, eT a 
27 2 3.32 0.229 6.13 250 1333 3 
% 4, $2 0,185 13.9 S470 
23 2 2.88 0, 226 4, 70 1175 3 
25 2 9.4 0.215 &, §9 L648 & 
3 be bide 0,209 16,0 200 
ii 2. 28 0,181 3.68 O20 
30 2 3.56 0.145 8.66 PLES & 
& 3.56 0, 268 6.05 1513 
31 2 2,06 0.213 5.60 1400 a 
33 2 %- 30 0. 289 b, 85 1235 2 
Ys 3 3.62 8.255  %. 72 1930 hy 
2 3.866 O.222 &. 5% a9 
35 2 5.98 6.298 12,3 2075 2 
26 2 fh, Ol} 6.19% 10.6 2650 ly, 
| 3 Se 4G 0.255 14.5 3625 
(Roll Me. 15) 
1 % 6, 80 0.202 28.9 7225 
by a, 6% 0.236 Felt LPES 
2 1 5.06 6.206 145.6 3900 & 
2 4.76 0.209 13.7 325 
3 3,86 0.106 8% 31 e528 
bs 6. 24 0.255 19.2 BEOG 
3 i §.18 0.240 13.3 bi oe) 3 
2 4,40 0.305 4&3 L206 
3 5.42 0.277 13,6 3400 
4b 1 4.80 6. 222 8,28 2076 2 
2 5,34 0.180 19.9 hO7S 
5 2 3.7% G, 305 o, 36 2346 2 
: 1 406 8.15% 153.5 3375 2 
2 
8 i 4.78 0.202 14,2 2356 2 
2 4,08 6.195 10,4 2600 
9 1 $65 0.18 21.7 5425 3 
2 3.78 0. 227 &, #2 1705 
3 5,16 0,325 16,4 PEOG 
10 i 2% O.148 7.18 1795 1 
11 4 335 0.256 13.3 4275 ‘ 
2 446 0.142 17.6 


i 


i oe x 
An 


Chord 
Track Length Sagitta He geuse Total 
frame No. . Noe. CM. CMe Sis, He Gause __Silis__. 

12 2 
13 2 2.76 0.068 14.0 250 3500 4 
3 3.40 0.272 5.44 1360 
14 1 4, 50 0.252 10.2 2550 3 
15 2 
16 2 5.00 0.220 14.3 3575 2 
17 1 2.94 0.212 5.20 1300 3 
3 5.00 0. 220 14.3 3575 
18 4 2.76 0.119 8.05 2013 5 
5 3.80 0.186 9.79 28 
19 3 
20 1 
21 2 
22 1 by, 26 0.291 7.94% 1985 3 
3 4,96 0.195 15.9 3975 
23 3 3.44 0. 249 6.05 1513 5 
5 3.40 0.189 7.74 1935 
24 2 
25 1 3.14 0.129 9.62 2405 i 
26 2 4,82 0.223 12.6 3150 h 
4 4.42 0.179 13.7 3425 
27 4 3.66 0.197 8.60 2150 4 
28 2 3.90 0. 268 7.23 1808 2 
29 1 3.12 0.210 5.90 1475 5 
2 4, 70 0.278 10.1 2525 
3 3.44 0.154 18.0 4500 

30 : 4, 76 0.255 5.93 1583 
2 3.80 0.295 6. 23 1558 
3 5.18 0. 267 12.7 3175 
31 2 2.56 0,205 4.10 1025 5 
3 $.14 06.262 11.9 2975 
hy 3.904 0, 245 8, 04 2010 
32 2 4.10 0. 205 10.4 2600 ly 
33 1 %.92 01226 13.5 3375 1 
35 2 3.48 0, 282 5.51 1378 y 
36 i 3.46 0.333 4,66 1165 2 
2 4.90 0.324 9.43 2358 


Peek 
ai } 
ie 
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Chord 
Track Length Sagitta EY gauss Totel 
37 2 
38 3 6.48 2901 250 7275 7 
ky 2-80 Je 70 925 
5s 6&6 86 11.0 2730 
a §.92 20.4% 5100 
? 5.46 12.6 3150 
(Roll Wo. 16) 
1 4S 36 6.77 1793 % 
2 > 3.86 5. 50 2125 5 
& bb, Pe 12.5 51.25 
5 4&6 10.5 2625 
4 1 & 2 9,66 2400 i 
5 2 5.62 16.8 %200 a 
3 3076 8, 26 2076 
; &% 6,28 15.0 3750 
1 
? i 3% 8.49 2123 is 
2 &1 15.4 3850 
3 2,88 E 1165 
§ : &&90 9.20 2300 i 
9 i 3.02 6.87 1716 by 
10 2 4554 14.3 S75 3 
3 be BS 17.0 46250 
ll 34 52 9.35 2538 3 
12 2 &,70 13.0 3250 3 
13 3 4.30 8.69 2473 7 
4&6 14.3 3375 
é 2.78 %,95 1236 
7 2090 5.20 1300 
14 > 3682 Gell 1526 s 
5 4,00 $, 64 1416 
15 2 4&,04 16.2 2590 3 
3 i, O4% 758 1895 
16 2 2.78 beg 35 1066 3 
3 5.22 10,3 2373 
1? 1 4.9% 239 = 10.1 2525 2 
L6 1 %. 50 &. 252 &, 20 1530 2 
2 4&,¢¢ 0.100 i142 2500 


NERY 


sis 


eae ae 


oe 
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Chord 
Track 4Sength Sagitta H geuse Total 
19 1 4. 20 0.305 7.37 250 1643 ly 
3 5.82 0.272 15.7 3925 
4 5.02 0. 348 9,22 2305 
20 2 3.36 0. 349 4,71 1178 4 
3 4,76 0.163 17.5 4375 
21 1 4, 76 0.215 13.3 3325 3 
22 1 
23 2 3.84 0.134 13.8 3450 2 
1 3.80 0.227 8.06 2015 
oy 4 
23 2 
26 3 3.76 0.310 5,85 1463 3 
27 4% 5.78 0. 247 17.0 %250 5 
(Roll No. 17) 
1 ¢) 
2 0 
3 2 4, 56 0. 362 7-36 1840 2 
ty 1 7.5 G.713 3.95 gsc 2 
2 6.30 0.272 18.% 8600 
5 3 
6 1 7.00 0.305 20.2 5030 3 
2 6.66 0,389 14,4 3600 
3 &, 2b 0.295 776 1946 
7 #) 
& 1 
9 1 4, 74 6.300 9.51 2378 & 
10 0 
11 1 5650 0.235 16.2 4050 4 
12 pS 6.36 6, 348 14.2 3673 1 
rf 3 3.20 6.218 5.98 1495 dy 
1 a 
15 1 5.66 6. 284 14,2 3550 dy 
2 &.00 6.2% 8.59 2148 
16 iy 
17 az 5.56 , 330 11.9 2975 4 
18 1 6.46 6.377 14.0 3506 2 
19 3 
20 2 5.30 0.2% 15.0 3750 a 
ty 5044 0.263 5.75 1438 


el 
iH 


Chord 
Track Length Gagitta Hp gauss Total 
21 2 5.14 0.34 10.1 250 2525 a 
22 1 6. 50 0.222 23.9 5975 2 
23 1 4.62 0. FOO 9.04 2260 % 
2h 1 5e 7% 0, Fa. 12.4% 3975 5 
2 5.10 0.295 11.2 2800 
3 &, Ble Oe 462 8. 26 2065 
& 5.62 0. 3706 21.7 bis 
5 &.72 869,385 70/2 1855 
25 2 6. 26 0.215 eee 5725 3 
26 1 5.74% G. 266 15.6 5 
3 5072 0.283 MF 
29 3 6.0% Oy 26% 21.0 be 
26 2 6.48 0. 298 18,6 4y 
3 6.18 6400 12.3 
29 1 4, 60 0, 298 9,02 3 
2 6, 68 06277 19.8 
5 Ce a5 | (88 
30 1 7 &O 0. 316 GH, 2 
31 3 6.86 0.272 2h. 3 
32 2 3440 0.187 7th i 
3 5.40 GMO 15.9 
4b 9.92 0.2357 32.% 
33 i &,82 0.252 11.6 
3 5,60 0,279 11.3 
Bib 3 i, 76 a. 926 8.64 3 
35 2 4,16 0,210 10.1 3 
} > 3672 0,276 6. 5% 
(Roll Be. 18) 
i | ¢ 
z 1 366% 0,297 5072 1430 2 
z 8.12 G. 212 10,1 4525 
3 1 500 6.258 19.3 4825 Z 
uy 2 db, 7 0.276 10.3 2575 2 
2 i 3090 0.195 9.84% 2266 Z 
2? 
7 i 5.86 0.255 17.0 4250 Z 
2 &, 08 0, 262 2.07 2018 
8 : § 4,80 , 222 13.1 3275 1 
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Hp aeuse Total 
vue Mpeiisniein 

/ 3p00 3 
et LONG 

Lde3G 2 

i 

4O56 3 
SOPs 

2950 dp 
UO 

3 

2 

3106 5 
3573 
1723 
LGAe 

3250 1 

BPS hy 
3323 

ares 

3225 & 
2073 

] 

if 

24.58 3 

1508 3 

* 3 

5075 3 
3350 

2825 3 

3050 1 

% 

i 

1275 % 

& 

1 

z 

0 
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Chord 
Track Length ‘Sagitta ! ne genes Total 
Srone Ho. Boe. ie. ile. Clan Be oes, oan as eae 


(Roll No. 19) 
1 


2 6, 76 G, 315 9,15 2288 
2 2 
3 1 5.66 0.276 14.6 3650 2 
2 5.40 0.337 11.0 2750 
is 1 3046 0.247 6.18 1545 1 
5 1 6. 36 0, 362 13.9 3475 2 
2 $.25 06,347 10.1 2525 
6 1 4.98 0.917 O, 0% BBS 2 
? Ps é. 50 G. 361 14.8 ‘S7OG oe 
3 i}, OD 0, 360 55 Pie 1435 
c 2 6,40 0.286 18.0 4300 i 
& b, 544 6, 314 17.2 42006 
) 1 
10 2 4, 00 G, 364 $68 1420 3 
i 1 3.98 G, PAZ 8,30 2075 3 
i2 2 
13 3 5.18 0.329 10.2 2556 3 
1 3 6.48 0,235 22,6 5650 3 
15 3 ii, Be o.176 0 ss. 5 4125 tb 
16 3 
17 1 5,04 6.275 11.7 2925 3 
3 &.00 0.308 6.65 — 1663 
1A 1 iy, Ms 0.206 11.9 2975 2 
i? 2 by Pe 6,317 7039 L898 . 3 
3 3. 36 0,354 9,42 2355 
20 1 7.24 0.3% 19.4 BO5O i 
21 0 
22 1 6.48 6.383 13.% 4456 2 
23 1 5.98 6.314 14,4 3600 2 
2a 1 5.52 0, 708 12.5 4125 i. 
25 2 
26 6 
27 2 6.50 0.323 16.0 HOOD 2 
28 iS 2,86 4 


0.295 6.46 1615 


4b 


Chore 
Track Length ‘Sagitta Ho gause Total 
Frame Tio. Ede. Um... 0%... 2.0 Hicoues om .._—_. 10... 


(Roll Bo. 20) 


1 1 le, Fe 0. 331 #65 250 2163 a 
2 5.60 0.407 7.88 1970 
2 2 
3 G 
& 4 %, OO 0.416 7a 72 1935 9 
5 1 2,86 0. 286 372 O35 4& 
2 iby 56 0.343 7a ?5 1938 
i 4, 82 O.124 23.5 5875 
6 1 
7 1 3666 0,143 11.8 2950 1 
8 en <a. ce 2238 5 
3 4k, 50 G. 264 0.72 21455 
4 Bu PH 0,227 7.82 1960 
5 6,48 Q, 286 18.5 4625 
9 A 3.90 0, 214 8.99 22868 3 
10 1 2,62 Oe 236 Bie 865 2 
| 2 5.05 Ge 160 20.1 3025 
ii 1 3,08 0.307 3492 985 3 
2 3652 0,268 — 5e91 1276 
3 3.68 0. 702 8.45 2120 ; 
12 4 
13 2 5.93 O21 i102 5 
iy i, 26 Oe 310 be AG ) ks 
Ls 1 $592 KS 3002 7510 i 
15 2 6.15 0.282 16.9 4225 6 
3 34 76 6, 216 8.29 2073 
& 41a 0.217 9.98 aHO5 
6 56% 0.189 19.0 8750 
16 a, §s O8- «ine 32002—t—“‘<‘CY 
$ 297) 0.2362 %72 928 
3 5.04 6, 282 11.4 
12 2 26 0, 202 7eDl 1972 fe 
b 5,66 G, 226 17.8 5430) 
19 1 See 36 0, 251 9 59 2398 2 
20 i it, 20 G. 243 9, 20 2306 i 


EN 


a 
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Chord 
Troek Length Sagitta Ho gauss Total 
Erome to, Nde. ihe. ie. Coe Eiciss cle ___ 
2 5.20 0.258 13.2 250 3300 
4 6.52 0. 301 17.8 1650 
rat 2 3456 0. 272 5.96 1490 2 
22 2 & 42 0. 285 13.0 3250 2 
24 G 
ey 1 
25 1 5.26 0. 321 16.9 2725 2 
26 pA 
27 2 3.92 0,224 8. 69 2173 3 
3 5. 84 0.213 90.1 5025 
28 2 5.68 0.3487 14.8 2950 4 
29 2 5. 34 0, 286 12.5 3125 2 
30 i 
3 1 &.60 0. 362 i2.¢ 3150 3 
3 5.14% 0, 276 19.9 HOTS 
$2 1 be 0, 258 17.6 BEOO Zz 
33 1 6.16 6. 276 17,0 4280 2 
? 5.12 0. 386 BE 2170 
34 i 6, 7% ©. 6 18.7 | GPS i 
35 ; Cc 
36 0 
37 3 5160 06©= Ge HO 16.9 27235 3 
38 es 
(Roll Be. 21) 
1 Dovble Sscosnre 
2 0 
3 1 
5 3 
6 2 4, 82 6.2713 L367 3425 @ 
? 0 
8 1 8, 56 0,292 11.4 2h25 2 
2 es 0, 333 £67 LEE 
9 2 4, 84 G, 292 19.2 2550 * 
10 Pd Za &O Oe 396 Ze ‘ 665 3 
3 5.16 Ge 275 12.2 HzO 
il 1 6,44 0.291 22.6 8650 2 
2 6.06 6.237 19.5 4875 
12 2 Feit 0.275 A304. 5775 4 
1 6.02 6, 286 11.9 2975 


13 
4 


15 
16 
17 


18 
19 


21 


(Boil BG. 


1 
a 
3 
4 
5 
é 
7 


22) 


Track Length Sagitte 
Bema s, Ele itll lle ll 


i 


& we 


SS 


Ee vd ad eb be fea Kad mrp ca i ad AO ed Lad AD ud AG Sd PG 


Chord 


3-12 


6. 50 
6. 7% 


4-70 
be 4 


%_ O% 
#408 
5-00 
4, 62 
6, 26 


Q. 267 


0.355 
0, 324 


0.166 
0.320 


0, 220 
0.238 
0.306 
0,263 
0.263 
G. 312 
0.379 


O. 354 
0.343 
6,238 
00116 
6, 258 
De 3399 
0.250 
0, 362 


0.27% 
0,414 
O.'933 


4.89 


14.9 
17.7 


2661 
16.9 


9.48 
22.0 
10.4 
10.3 
1705 
1265 
5436 


5.73 
L2e3 
14.5 2 
23.5 
13.9 

5695 
7.27 
70 4 
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gauss Total 


Sen 


ao Ma 


F 


oo 


Chord | 
Track Length Segitta Hc gnuss Totel 
Eromete, .3Q.. Ge Ge. 20a Ficus chr_£_. ide 

8 2 5.1% 0,226 18.6 250 4650 3 

3 5.06 0.376 8.92 2230 
° 2 
10 1 3.54 0.18% 8.61 2153 2 

2 5.36 0,333 16.9 2725 
11 i 
12 4 
13 1 3090 0, 358 5049 1373 3 

2 AE =O, 8 W 9,61 2009 

3 5.20 0.24 14.06 3500 
14 1 
15 1 4.0%  ©,.217 13.6 WOO i 
1? é 

? &.66 06,208 13.2 3300 

3 5092 390 2 16.5 4125 

is 3.52 0,255 6. 20 1530 

5 6.40 6,349 14,8 4700 
18 1 5.02 G. 232 13.7 53425 1 
19 1 4.28 0.332 6, 9% 7733 1 
20 1 3.36 0.518 11.3 2875 2 

2 $.12 0.15% 21.4 5350 
21 i 6.16 0.309 15.6 3900 1 
22 | 2 e 
23 2 546 6,283 13.0 325¢ 3 
au 2 5622 8606 225 15.3 3825 4 

3 7-28 0,655 16.4 2600 
25 i G10 0,286 16.4 #100 i 
26 2 
27 | © 
28 1 6.12 06 500 9.61 203 L 
29 1 $18 6.354 9.65 213 1 
be 1 3.94 0,122 16.1 O25 1 
31 i 6.60 6,359 15.3 3825 3 

2 &, O76 10.7 2675 

3 6,40 G, 356 14,6 3650 


a 
mn 
ne 
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Chord 
Track Length GSagitta He geuse Total 
coc) i oe Pe 
(Roll Mo. 23) 
1 4, 30 0.159 14.6 250 36.30 2 
i 3. 34 0.198 8.01 2003 3 
? &. 66 0.293 8.63 2158 
3 5.88 0.236 18.4% 460 
3 1 5.04 0.247 13.0 230 2? 
2 be 78 U. 262 1 1 me 2750 
& 1 7.20 O.1A5 35.1 i 
3 iL 3.70 0. 285 20.3 5075 4 
3 5.52 0.277 13.9 375 
é 4 6.60 0.367 135.0 3750 1 
? 1 3,62 0. 280 14,2 3550 2 
a 1 5.26 0. 263 13.3 4425 4 
10 i 4.78 0.217 8, 34 PLES i 
2 5.42 6. 284 13.1 429% 
& 4.68 0.354 7.91 1976 
1h Q 
12 2 
13 2 &, 2h 0, 287 10,8 2900 2 
14 3 
15 2 
16 2 5,40 0.274 13.4 4330 3 
* 2.7% 0.242 3,07 768 
1? 2 3,34 ©. 326 ly, L110 3 
3 5, BE 0. 236 16.3 8395 
18 °. 4, B82 G. 251 12.0 2000 9 
19 1 5, BG 0,263 11.4 2A a0 2 
20 i %, 42 0, 280 8,47 2115 i 
iy 4,68 0.215 12.6 9150 
a1 1 
22 1 &, 86 G.1°9 14,9 3725 , 
2 5.32 0. 261 13.7 3425 
23 1 2, 84 0, 261 3078 945 a 
2h 1 6.50 G.179 29.6 P00 3 
2 3. 24 ©. 265 5.08 1276 
3 5.60 © ©. 348 9.15 2278 
25 1 4, 26 0.193 11.9 2975 3 
2 4.90 6.22% 13.5 3375 
26 i. 4%, 26 O. 240 9, 57 S295 3 
2 4, 78 6.259 11.2 2800 
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Chord 
. Treck Length Sacitta AP gauss Total 
Exame 0, NOs. Sie Men 6S FMR Gla ree 

27 3 4,04 0. 265 7-82 250 1955 4 
28 1 &, 54 6.188 13.8 3450 2 

2 ie. O% 0.227 9.10 2275 
30 1 &, 06 0.251 8.02 | 2005 3 
31 } 1 
32 i 4, 86 O, 261 11.4 2850 5 

2 7,08 o. 712 20.2 $050 

iy 3.20 0.192 7.18 1795 

5 3.76 0.218 8, 22 2052 
32 2 5.62 6.223 1A.1 R524 2 

(Roll Ne. 24) 

1 2 
2 1 
3 1 
i 2 
5 1 4.72 0. 2%6 11.9 2975 2 
6 0 
8 | 6.42 0,216 24,6 6150 2 

2 2.4% 0.195 9,02 o7% 
9 1 
10 1 3.86 G. 36 &, 24 1560 is 

2 3690 6.319 6.11 1526 

3 &, 28 6.231 9, 2h 23510 

is 6.36 0.263 19,4 48.50 
11 1 
12 i 
13 2 
14 . 3.56 0. 261 6.19 L348 ie 

2 3.30 6.235 5.90 1475 

3 2. 56 0.223 3.78 GES 

is 5.4 0. 246 15.2 3800 
a L 5.10 0. 286 11.6 2950 1 
1 2 
1? 1 é, 48 0.31 14,0 3500 ib 

2 3,08 0.109 6.05 1513 

3 3.16 0. 210 6.04 1316 
18 c 


47 


Chord 
Track Length iegitta He geuse Total 
Eromete, BO. Gin. TM Cull, BOGE a pene 
20 1 3644 0. 240 6. 28 250 1570 2 
21 i 4.9% C359 8.13 2033 2 
22 1 2.56 0.222 3. 80 930 2 
2 3.86 0.253 7B 1870 
23 2 5-36 0.298 12.2 3050 2 
ah 0 
25 1 5.16 0.209 16.0 4000 5 
3 fe Fe 0, 257 14.9 3725 
26 1 7.72 0.4403 18.7 HEPS 3 
3 6.04 O. 316 4.5 3625 
27 1 5.10 0.273 12.0 OOO 3 
28 3 
29 > 
ba 1 5.06 Ge423 ol? 1943 5 
3 36 54 0.310 5.20 1300 
& 3.72 G, 266 6.63 1658 
2 3 
32 1 &, 22 O, 3048 7647 1668 ap 
2 2, 88 9,193 5.47 1362 
3 $18 &, 268 12.6 3150 
ty 5.16 0.343 8 9.87 24.68 
3 | 3 
34 Q 
35 1 5-16 @.252 13.3 5325 3 
2 4.10 0.307 6,99 1748 
3 4.22 0.371 3.67 2128 
(Roll No. 25) 

1 1 3.10 0, 365 4,47 6S 1 
2 1 5.60 O, 345 9,23 24908 2 
2 6. 28 0.222 22.3 5575 
3 1 6. 36 0.328 16.6 6150 % 
2 70 3G Oe 41 4503 4625 
3 3.48 0.23) 6.09 1523 
4 , Be Gel4L 10.2 "3590 2 
5 zZ 

& Deuble Bxrosure 

7 : 2. 56 2. 379 a 35 528 2 
2 5e 0. 6 11.8 2950 
“ 5.45 6, 332 55 2APS 
5 3.46 6. 359 ia, 35 1684 


f 


Hy 


rt 0h 


Chord 
Track Length ‘Sagitta He gause 
Frome Bo, Mle Me Ll ne, EE ee Dit 
1 bg Ge O, 242 12.7 250 BLP 5 ‘% 
2 5.00 0.352 9.05 2263 
lL 4, 4&2 0.2993 8,48 2120 3 
0 
1 
1 6. 54 0.359 1561 3775 3 
2 3. 84 0. 249 7033 1883 
3 2,90 0.163 6.53 163% 
1 2.80 0.341 3.04 760 2 
2 6.66 0. 262 71.3 5325 
1 2, 86 0. 276 6, 89 1723 2 
2 4.16 0.232 9, bls 2460 
G 
1 3.62 0.912 7.83 1958 3 
3 3.64 6.085 19.5 HEPS 
1 3.74 0. 283 6,32 1580 2 
2 5.04 6.231 13.9 3475 
1 6.26 0, 249 19.3 A825 4 
2 &, 6 O,222 4.0 3500 
i 5.10 0, 289 11.4 2856 3 
3 3.82 0, 242 7.65 1913 
1 4, 38 0.256 % 40 2375 3 
2 3,94 e152 12.8 3260 
3 
2 2. 0.223 6, 9G 1175 § 
3 2.90 6.176 6,06 1515 
iy 3.86 0. 227 8.07 2018 
1 4,60 6.166 0,84 2660 2 
1 5.12 6.223 14.8 3700 3 
1 2,68 0. 344 2.78 695 2 
3 5.06 0, 284 343 2775 ih 
2 4%. 62 G. 308 &, 82 2205 4 
3 
2 
3 
i 3.32 Oe 327 ‘s, 38 1095 2 
2 4 FE Oe 221 8,08 2285 
2 3.70 0.304 $. 78 1445 5 
3 2,46 6.210 3.71 928 
& 4,92 0, 290 6.77 1693 
5 5.4 6, 444 8.55 2138 
1 &, Ale 6.335 8.91 222° 2 
2 4.78 6,352 8.29 207% 
0 


48 
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Chord 
Track Length Sagitta Ho gause Total 


(Roll No. 26) 
1 


2 6,62 0. 296 18.7 250 4675 ly 
iy 6,04 6.3 38 13.7 3425 

2 1 3.54% 0. 302 5.34 1335 5 
3 5.88 OQ. 302 14.5 M25 

3 i 

4 i 3.70 0.184 9.39 23'si8 % 
3 5.92 0,255 4763 325 

5 1 4 $2 0.173 14.7 3675 ‘e 
3 6.38 Os 375 13.8 “$450 
 & §.02 6, 366 8.79 SL9E 

6 2 ° &38 0.375 6,58 1645 hy 
3 Se Pit O. 280 14,8 a7) 
: % 5.00 0,212 14.8 3700 

? 1 5.30 252 13.6 3400 4 
2 6. 96 0.329 18.6 4650 
3 6.02 Oe 240 19.0 47 50 

& 2 4,12 6, 291 Fa thth 1860 5 
5 6.46 0. 274 19.2 HOD 

9 2 4, 00 0.353 5.84 1460 % 

10 2 5250 G. 381 16.2 2530 2 

Ll 2 488 0,247 12.2 3050 iy 
3 4, 26 G, 316 Fe 3 LASS 

12 lL 5.4 0, 241 15.5 2875 5 
2 3.86 0,207 6,442 : 1603 
3 5.40 6.279 13.2 3300 
a 5,66 0.347 13.7 2925 

13 1L 4,78 0, 274 16.6 2650 & 

3 4,42 6.292 5045 1363 

14 2 5.36 0.269 9,92 2480 4 
2 6.14 &, 257 18.5 HE2S 

16 2 lb, 96 0.221 14.0 8500 3 
3 2. 58 0.375 2,41 603 

iz 1 56 5 6.219 17.6 HOD 2 
2 2.76 0. 206 4, 92 L120 

18 1 &, 66 0.301 B,o4 2235 3 
2 5,42 2.315 11.8 2950 


50 


Chord 
frack Leneth Segitta He gauss Total 
Erome.No. HQ... 0%. 1... 2.0m Hiimmss tm... —lds 
19 1 5.26 0. 262 15.4% 250 3850 3 
2 3.22 0, 342 3.96 990 
20 1 4.02 6,238 8.61 2153 2 
val 2 3.90 0. 361 5.45 1363 3 
3 3. O, 298 6. 66 1665 
22 3 5, 64 O. Ake 1i.2 2800 ls 
23 3 &, 64 6. 200 13.6 VWO0 5 
i 369% 9.188 160.4 2600 
5 4,88 0.194 136% 3850 
2s 2 4. 76 6,743 B43 2108 2 
25 3 5, 4 0. 303 11.5 2875 3 
26 7 
5 4%, 80 0.327 $.97 2243 
6 §. 78 0.291 14.5 2625 
? 4, 38 0. 306 7.99 1998 
27 1 4%, 86 0. 226 Loete 3350 ky 
3 5.92 6.421 10.6 2650 
4 6.14 0-48] 10,0 2500 
28 1 3.94 Ge 3528 6,08 1520 2 
29 3 4, YW 6.177 13.4 3350 3 
30 | ” 3 
31 i 
32 2 ip, Pie 0.333 8.61 2153 3 
3 6.00 Ge 913 14.5 3625 
3 
(Rell Be. 27) 
1 2 4, 50 0,237 6,58 1645 5 
3 tg Se 0.353 7.48 1870 
& 5.02 6, 347 9.25 23513 
5 3.86 0. 256 7.40 1850 
2 1 3.6% 6, 367 5,70 ei 6. Wa é 
3 &, 36 0, 201 11.9 2975 
4 &16 0. 379 5.96 1475 
3 5, o% 0, 281 15.8 3950 
é 4,60 0.228 8.89 2223 
3 2 5,46 0,405 2,40 2350 3 
& 2 3. 7 0. 264 8,67 2168 3 
5 : G 
& 2 7.16 6.228 28.2 FO5C 5 
3 ee 6. 209 11.7: 2925 
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Track Length Sagitte Ho gauss Total 
Ereme Wes, 30... Gls. — ew 28a A c0nsn ile... Dre 
? 2 6.18 0. 244 19.7 2350 925 6 
3 4.68 0.234 12.8 2950 
iB 7,04 6, 25% 24. § 6125 
5 5.70 GO. 3°93 10.5 2625 
6 te 00159 17.0 W230 
a 1 Fe 4s 0.216 6.96 L740 % 
2 6.06 0,310 6.80 170 
9 2 4 $6 0. 216 12,3 3025 2 
10 2 3. te 0.165 9.05 2263 2 
12 0 
13 3 
14 4 
1§ 1 by 3 0.355 6, G1 1703 2 
2 3. 86 0. 261 6,48 1620 
16 2 
17 2 6.46 0. 321. 16.4 4100 3 
3 6.16 Oe 245 19.5 WPS 
18 3 by, ale 0, 350 8. 5% 2135 3 
19 4 5.60 1e 29% 13.5 3375 ie 
20 1 4, 30 0.204. 8.26 2070 1 
21 6 
22 1 3.72 ©. 253 6.96 L746 1 
2 ; 2 
25 2 e440 0.378 6. 39 1648 ti 
3 i, PP 0, 20 7.0% 1085 
& 4.78 0.411 19.3 4B25 
26 2 $080 0, 6 16.6 150 2 
7 1 4.08 0.227 9,28 2320 3 
4 5.90 0.315 14,0 3556 
, 5604 G.275 2 4a BS 1025 
28 i 44.90 6, 283 10.7 2675 4 
| ? 3.60 G. 36 16.9 2725 
28 o 
36 1 7, 2 OG, 249 264% £600 5 
32 2 4. 58 0.0% 4,398 LLes 3 
32 2 4, 3 0. 243 ®,81 2552 i 
3 6.68 6, 387 14.6 3650 
& 3.80 0.326 5.67 — L418 
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Track Length Sagitta He geues Total 
Hrome. Bo, .Hae. ...oMen. Se... fe, BA tne ell Rte 
33 2 3490 0. 292 6.66 2350 1665 3 
34 1 &. 10 0.333 6448 1615 3 
2 8.70 G. 340 #, 29 2079 
3 5.48 0.312 17.2 4050 
35 
36 1 3.96 tbe 262 76% 190% % 
2 4, 06 0.262 8,00 2600 
37 1 
(Roll No, 28) 
| 1 4. 66 Ge 506 3, 59 EB 5 
2 1 $04 0.295 12.7 3175 Me 
2 7.06 0, 207 30,2 73,50 
3 i 6,00 6, 319 14.4 3375 % 
4 1 36 Pa 0.375 ly, fide L210 iy 
2 6, 36 0. 287 LP. 4350 
5 2 3090 6.215 7.27 LaLs 5 
*s he 52 Pe id 6.05 4513 
5 fe co Ue B45 Ze 15 536 
6 2 
? 1 4, 88 0. 288 10.5 2625 1 
8 1 3.62 0.176. $434 Ps iy 
2 3,00 0.291 6, He , 
& 4,00 G. 933 6.17 
3 | %.62 0.22% 12.0 @ 
1¢ L 5.34 G. 361 10.1 i 
il : 2 
iz i 5.62 Go. 277 14.4 2 
1s 3 Felt G.162 &, 30 v7 
4s 4.18 0.350 6.4 
13 2 5,66 0, 269 13.5 z 
16 2 3038 309 5.33 3 
3 4, 66 6.308 &. 96 
17 3 %, 32 0.261 9, 66 3 
ig i 3,06 0.182 6,43 3 
2 $052 G.252 15.2 
3 %.12 6,104 11.6 
is 1 1.96 G.175 2,83 1 
20 1 5.7% 6.230 18.0 3 
a > tog lade 0.352 7.38 4 
it 4.36 GO. 275 $.77 
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Chord 
Track Length ‘Sagitta HO gauss Total 
a a a Ce 
22 2 5.12 0, 338 9.86 250 RHE 5 iy 
iy 2, bu 6.231 5.88 970 
23 0 
a 2 5.32 6, 313 12,4 F100 3 
3 706 6, 200 21.0 5250 
25 2 40 54 6.162 9.75 ae38 & 
26 1 6.68 0.351 16.2% HORS 1 
27 1 “be a 0.335 7.20 1800 4 
28 2 3442 0.333 ly, 56 1140 & 
3 5.72 0, 290 14.2 4550 
&y 8.92 0.373 8. 30 A07S 
& 4, 66 Oe 297 9.29 2323 
29 1 be itp 9.193 20.7 6675 3 
2 7. 20 0. 198 
3 2 $.26 392% 10. 2 2550 % 
31 2 5,22 Ge ry9 1k. 5 2874 “ 
3 5,86 CO. 317 5.97 ieee 
32 1 
33 1 5. 2h Go, 447 7.90 1975 3 
2 5.32 0.322 led 2775 
3 +, 72 G, 296 11.6 2750 
Ba 3 bey iQ 0.159 L261 3025 6 
+ 4.72 0, 27 12.9 3225 
5 6.62 Ge 70 15.0 BP 30 
é 4, 66 0.186 14,7 3675 
36 | i 
| 7 i 5.52 3, 278 16.8 4200 1 
{ Poll Ne, 9 ) 
1 1 3,66 0, 226. Fe itts LEG 4 
@ 5.04 0.316 10.2 2556 
2 1 8. 2% 3.329 1 
3 : 2 
4 i 5.30 Oe 360 26,0 6500 1 
5 1 3.90 0. 784 12.5 5125 5 
é i 4.16 0.246 4.97 2298 & 
2 7.08 0.205 2.1 $275 
: 3 16 0.275 8.00 2000 
0 
a 1 2,40 0.277 2.7% ERS 2 
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Track Length Gagitta # C gakes Total 
Zramato. Hoe fie. ile. Pl. Be ABEE cA Rameumnn wetibline 
9 ? 
10 | 6, 06 6. 259 17.9 250 Wis? 5 b 
is 3. OL 252 4, 71 LL7® 
11 2 &.06 0.314 6.22 L680 6 
& §.10 0. 332 9,96 2890 
5 4.10 0.301 713 1783 
6 6% 6.301 14.8 200 
1? 2 
13 3 3- 26 6.480 3,01 753 3 
14 1 34 tbls 0.310 4.93 1233 % 
) 5.76 0.325 12.9 3225 
3 50 50 0.400 9.65 26413 
15 2 6.90 0.333 18.6 4500 2 
16 1 4,02 O. 392 5.35 1338 2 
2 5.96 0.272 16.5 4125 
1? 2 54 tee 0, 333 11.3 Paes 3 
3 3.62 0, 262 15.2 B00 
b 5.78 G. 397 19.7 2675 
bu leg 20 Ge 249 G98 225 
18 1 
19 3 te 64 O. 386. Le vi 495 4 
4 Fe 26 0.396 15.8 #200 
5 26 54 0, 261% 3.22 805 
20 i 6.1% 0,337 14.2 3550 2 
2 4, 58 6,408 6.67 L658 
21 1 5,42 0,462 9.34 23535 2 
22 1 4,62 0,287 9. tb 2360 4 
2 6,62 0. 240 19.0 6750 
3 ty 86 0, 26 12.6 3150 
23 1 4&7 Oy Mtns fe 39 1598 3 
2 Se 14 CG. 330 10. 2 2450 ; 
3 4.92 0. 299 10.% 2575 
ply 1 by Eble 6, 368 6, 88 1720 1 
23 1 
26 2 7.18 G, 302 16.5 4125 3 
27 1 5,46 G. 376 0,88 21670 l 
28 2 
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Chord 
Track Length Gagitta He gauss To tal 
(Holl Ne. 13 
1 0 
2 6 
4 i 4&2 Oe Hos 793 | 250 1983 4 
2 3, 54 0.122 12.9 3225 
3 3.00 0.273 4. 26 1065 
3 5.28 0,447 8.02 2005 
& 6.06 0.353 14.2 3300 
5 3 
6 1 3200 02193 $93 148% 2 
? 1 5.40 0, 399 6.82 : 1705 5% 
is 5. oe 0. 256 16.8 6200 
8 2 
9 i 
10 1 62 0.218 12-3 3075 1 
ie 1 is, 86 0.410 7.21 1803 3 
2 7.22 0.420 15.7 3925 
12 2 
13 3 5.26 6.309 8=— 11.3 2A25 b 
* 3.28 0.363 3.29 97% 
14 1 5.80 0.406 106.6 2650 5 
3 36 is} ' Oe 386 5,64 HELO 
i 5. 36 6,483 9457 2393 
15 3 6e10 0.379 12.5 4125 hy 
3 50% 6. Wes 11.4 2850 
4 3. 36 0. 280 5.18 1295 
1¢ ‘| 
17 2 
18 3 
19 2 
26 1 7560.0 399183 W395 1 
ie : ; 2 
22 1 &, 74 6,339 16.9 229 3 
23 1 8. 30 0.307 =. 28.2 7050 1 
2 2 2.86 0.3% 3, 26 ALS 3 
25 2 2, 40 0.330 8.06 2006 3 
3 70 30 0.338 19.9 75 
26 i 7.16 0.255 26.3 - 6575 3 
(Roll 40. 12) 42.0 #000 
3 6.3% 6, 340 15.41 3775 
20 1 6.18 0.315 %, 32 295% 1 
26 2 6.12 6.490 9,80 24450 z 
31 2 7.76 0.409 18.9 4725 2 
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Amerinentsl Results 

The decay curves for both samples were plotted. (Graph 1). The 
half-life was celculated ond found to be 19.5 days in both cases. This . 
value agrees with the value given by (4), 

Frou the alusinum absorption curve a maximum range of 840 mefom* 
was aseumed for the hicher energy beta particles. Following rN method 
@iven by Kotz, et al, (10) a plot was made of the percent traneuiesion 
against Ri - Ron lomlog paper (Graph 3). “he slope of the streight 
line gave o value for a of 3.54, Using thie value a plot of vn 
againet R was made, and extrapolation yielded the value for BS of 
80 mefom® (Grach 4). ‘The mexioum range for the hicher enerey betae~ 
particles was therefore taken to be 866 na/en’, and the energy correspont~ 
ing to this range ie 1.80 sev. by Feather's rule. 

The energy spectrum corresponding te 1265 seceptable cloud- 
chamber tracks was plotted. (Graph 5). Fermi'ts theory wae applied 
to this histogram and the pesuitine eurve is shown. (Groph 6), As 
wae to be exoected, since the higher energy transition of 186 Lies on 
the second forbidden Sargent curve, the points corresponding te the higher 
energy zroup did not Lie on «a strsigat line. To interpret the curve, 
‘the velue 1,80 mev, as obtained from the absoretion seosurements, was 
taken as end-point energy for the higher eneray group. Three straicht 
lines were ¢rawn from this point, (8,0,D, Graph 6) within the calculated 
| tolerances of the points (Appendix 2). Subtraction from the rest of the 


Perni clot yielded threes straight lines corresponiing te the lower energy 


57 


eroup. “he end=point was found to be 6.69 ¢ 0,05 mev. ‘The distributions 
according to these streight lines were plotted back on eraph 5, The 
lower energy croup was found to comprise 20+ 4% of the total number 

of disintegrations measured. 

The camma ray should heve an energy of 1.11 # 0.05 mev by sub= 
tractine the lover maxiaws energy from the higher, but there was no 
check on this value since the range of absorbers sbailable did not 
permit an eccurate calculation of this energy. The gamua ray curve 
(3, graph 2) gives an approximete energy of 0.8 mev for the gemma 
ray. Sven with the large increase in source ectivity the counting 
rate woes still much teo low for sccursey. Ail.l mev. gamma rey would 
simply sake the ¢ mma ray curve aoprenih. horizontal line end would 


not affect the chosen value for R,. 


Discussion 

Althouzh grach 6 shows the calculated tolerances in the points 
for the Perni plet, several other factors might affect these points. 
From the distribution curve there seems to be a larce sxyceas of low 
enerey isis with an energy of apvroximately 0.3 mev., and a notice} 
able absence of tracks with on energy between 0.9 mev. end 1.5 meve A 
eoiend forbidden transition is Known to have on energy distribution 
which is skewed in the direction of low energies. Also the comrlex 


disintegretion achene of xp 6 would naturslly reenit in an ssymmnetrice 


i 
eh atin 


# 


distribution. The ragg ionization curve for electrons indicates a 
minimum epecific Lonisation for 1 mev electrons. "or lower energies, 
the apecific fonisafion increases sharply, wherens for higher energies 
the value is fairly constant. A lel mev. bette particle, for exemple, 
loses approximately 16 kev. traversing a 10 cm. sir path, whereas 6 
O.1 mev. particle loses aporeximately 29 kev. in traversing a 7 em. 
sir path. Cur wethod of calculating the energy would moat certainly 
heave an error for esch energy of the order of one half thie energy loss, 
and increasing for lower energy particles. Thus logs of energy due to 
this effect would shift the distribution slightly to the left by an 
amount which increases toward lew energy. Little difficulty was 
experienced in messuring trecks with on energy cround 0.3 mov. These 
tracks showed very Little ion diffusion and were in moat cases between 
5 and & om. lone. The higher energy tracks were mostly of the order 
of 16 om. lene and, of course, were sparsely ionized. A large nunber 
of these tracks hed © be discarded because of uncertainity as te their 
origin and because of noticeable deflections due to scattering. ‘The 
use of hydrogen in the chember instead of air would cartainly have 


reaulted in sore hizh enersy trecke which could te measured. 
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Sopendix i. 
reparation of Standard Sources (Plate 16) 

The counting rate »s recorded on a fiven Geiger tube apparatus 
deviates from day to day to an extent which is greater than is to be 
expected from statistical considerations alone. Thus, to compare 
readings made over an extended period of time, it is necessary to 
normalize the data collected against the count from a standard source. 
Suitably designed standard sources should heve certain attributes? 

(1) Construction preventing any loss in redioactivity through 
normal handling. 

(2) & long helf-period to provide a constant source of radiation. 

(3) Radiation identical in kind and similer in enerey to that 
being studied. 

Powdered uranium nitrate™ was used in this work as the radioactive 
material. A thin layer of the source material was svread uniformly 
on each brass mount. The activities were adjusted os in the following 


table by verving the smovnt of uranium nitrete used. 


enn epme epme 
Standard Source Shelf No.) Shelf No, 2 Shelf No. 3 
1 11400 4300 2000 
2 6000 2300 1100 
3 5500 1900 1000 
4 4300 1600 B00 
5 2100 750 350 


* End-point energy of the beta spectrum of UXI is 2.32 mev. 
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The materiel was covered with a thin cost of lucite dissolved in 
hot amyl ecetate. This cemented the uranium nitrate and assured a 
constant ceometry. A snugly fitting brass sleeve vith one end 
covered with en sluminum window 0.0023" thick (16 mz/om~) was 
pleced over the brass mount and cemented with Duco Household Cement. 
The complete standard source was then coated with a thin coat of the 


Gissolved lucite and allowed to dry. 
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From Introduction on Fermi's theory of beta disintegration, 
1/9 


var os =i) 


In F = 1/2 In W = 1/2 1nB ~ 1/4 In (2* ~ 1) 
QF = @gN - a8 ~ aw 
sae 
¥ 2a 2B O2( BY + 1) 


for the maximum error, 


ar = hi - FPO A + E dieu onabaneadeereneve 
an 2 8 B2 + 1 


The error in &@ wes calculated by setting Linits Kee the accuracy 
of messuring the srzitta length for » track of energy E. The error 
in W for any interval was then found by calculating the error in the 
Ee limits for thet interval and covwmting the number of trecks that 
fell within this error. The error in F wae cealevlated using equation 


(5). hese errors for the hicher energies were plotted on graph (6). 
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Rubidium ocevrs in the periodic table in the seme series as 
lithium, sodium, rotessium, end caesium and hence is a very strong 
reducing agent. It was necessary therefore to choose « rubidium 
compound; also one whose constituents after irradiation would not 
interfere with the measvrements to be taken on rpS6, For this reason, 
Hb 200. was chosen as the compound to be irradiated. Neutron bombard= 
nent of carbon end oxygen results in activities with half-lives of 
the order of seconds md minmtes and there activities would be 
negligibly emall after 6 lapse of ten deys. Rubidium consists of two 


natural isotopes, ,,Rb° (72.8%) and oo (27.2%). Hevtron 


37 
bombardment resulis in the following activities} 
Ralf life 
&5 Pi BY nee a % 
5 aie (nm, 2n) 37° 6 Me days 
85 86 
agi (n, v) ak gn 19.5 days 
ai (n, ») xe?) = i} hours 


m°? ta, ~) _ mm” @ 30 nin. 


3 (n, 0) Rb 6 17.5 min. 
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The last three activities would also be negligibly small 
efter a lapse of ten days. The (n, 2n) reaction requires high 
energy nentrens and the probability for such a reaction in the 
thalk Hiver pile is very lew. The following calculation, therefore, 


py S6 


gives the activity due to nlone, all others being neclected,. 


Weight of att = 2.71 me. 
Ho. of etoms of qe? = 6,02x1079 x 2,7 x 107 


= 19.2 x 1048 atoms. 
Substituting in the formula, 
Aw onQ(1~¢@% “') 
where N= nunber of atoms of the material present. 


2 
neutron flux density = 1043 neutrons per em” per sec. 


cross section for the Gesired reaction = 0.72 barns 


Q 
i 


A= decay constant of product 


% 


ui 


irradiation time = 1 day 


A = resulting activity of product after irreciation, 


we obtain, _ 0.693 
2h 18 3 aie } chs 
A= 0.72 x 10 x 19.2 x 10°" x 10°" (Lee SC. 


= O47 x 10! dis/sec = 0.13 me. 
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